ABSTRACT -Context -Neurological symptoms have been well-documented in patients with celiac disease, nevertheless, the presumption of a greater prevalence of epilepsy in celiac patients remains controversial. Objectives -To determine the frequency of celiac disease in children and adolescents with idiopathic or cryptogenic epilepsy. Methods -A cross-sectional study. One hundred pediatric patients with non-symptomatic epilepsy were followed-up at two public pediatric neurology clinics in Salvador, Bahia, Brazil. Screening for celiac disease was performed by serial measurements of IgA anti-transglutaminase and IgA anti-endomysium antibodies, followed by bowel biopsy in positive cases. HLA DQ02 and DQ08 were investigated in seropositive individuals, assessing the type of seizures, the number of antiepileptic drugs used and the presence gastrointestinal symptoms. Results -Three (3.0%) patients tested anti-tTG-positive, two with normal duodenal mucosa (Marsh 0) and one with intraepithelial infiltrate (Marsh I). No villous atrophy of the duodenal mucosa (Marsh III) celiac disease was found. Two patients tested positive for HLA DQ02; none were DQ08 positive.
INTRODUCTION
Celiac disease is an immune-mediated chronic enteropathy that affects genetically susceptible individuals and is triggered by the ingestion of gluten. The prevalence of celiac disease is similar worldwide and is estimated at around 0.3%-1.5% of the general population (1, 21, 37, 45, 49) . The classic symptoms of celiac disease are chronic diarrhea, abdominal pain, abdominal distention, low weight, diminished stature, vomiting and constipation; however, many patients have extraintestinal manifestations (6, 39, 50, 52) , often with no associated gastrointestinal symptoms.
Histological findings should be interpreted according to the criteria defined by Marsh for the classification of the duodenal mucosa lesion (33, 51) . Human leukocyte antigens (HLA) DQ02 or DQ08 are often found in individuals with this disease (27, 38) , HLA DQ02 being present in 90%-95% and HLA DQ08 in 5%-10% of individuals with celiac disease. Both allotypes together are present in 98% of celiac patients (14) . Epilepsy is one of the most common neurological disorders, affecting around 50 million individuals worldwide, principally in developing countries (36) . In Brazil, the epilepsy prevalence is 1%-1.5% (19) . In around 50% of cases, onset occurs in infancy or ado-lescence. With respect to etiology, epilepsy may be idiopathic, cryptogenic or symptomatic (54) . Neurological complications are estimated to occur in 6%-10% of patients with celiac disease (22, 34, 40, 46, 48) . Numerous cases have already been described of gluten-sensitive patients with a high proportion of neurological symptoms of unknown origin, including cerebellar ataxia, peripheral neuropathy, multifocal encephalopathy, epilepsy, dementia, neuromyelitis optica, muscular hypotonia and delayed motor development (18, 22, 25, 26, 28, 34, 40, 46, 48, 53, 55) . Some studies published in the literature have attempted to demonstrate an association between celiac disease and epilepsy (4, 7, 8, 11, 12, 13, 18, 30, 32, 35, 42, 43, 44) . Some investigators have already carried out studies on the association between celiac disease and epilepsy. In these studies, the frequency of celiac disease in individuals with epilepsy has ranged from 0.78% to 9.1%. This variation in findings may be explained by the different methodologies or the differences in the criteria used to select the sample population (Table 1) .
Some authors have speculated that mechanisms of metabolic deficiency may represent the principal cause of this association (2, 23, 30, 31) . as being associated with celiac disease (50, 52) . There appears to be no single mechanism, but rather various (nutritional, immunological, neuroendocrine and environmental) mechanisms explaining the possible association between celiac disease and epilepsy.
The objective of the present study was to determine the frequency of celiac disease in children and adolescents with idiopathic or cryptogenic epilepsy.
MATERIAL
A cross-sectional study was carried out between September 2010 and December 2011 to evaluate 100 pediatric patients with epilepsy, with or without gastrointestinal symptoms, who were undergoing follow-up at the Magalhães Neto pediatric neurology outpatient department of the Professor Edgard Santos Teaching Hospital, Federal University of Bahia and at the outpatient department of the Santo Antonio Hospital of the Obras Sociais Irmã Dulce. Only individuals with cryptogenic or idiopathic epilepsy were included in the study. Prior to inclusion, patients over 18 years of age signed an informed consent form and in the case of patients under 18 years of age this form was signed by the child's mother or legal guardian. All patients underwent at least an electroencephalogram (EEG) and computed tomography or nuclear magnetic resonance of the brain.
METHODS
The participants responded a questionnaire. Urinalysis was performed and parasitological investigation was conducted in three feces samples. Blood samples were taken to measure total IgA, serum vitamin B12 levels, anti-tissue transglutaminase (anti-tTG) and anti-endomysial (antiEmA) antibodies. Anti-tTG antibodies (IgA, or IgG if a selective IgA deficiency was diagnosed) were investigated using enzyme-linked immunosorbent assay (ELISA) with commercially available diagnostic kits (Quanta Lite tTG, Inova Diagnostics Inc., San Diego, CA, USA). Antiendomysium antibodies were investigated using the indirect immunofluorescence technique with commercially available kits (Inova Diagnostics Inc., San Diego, CA, USA).
All patients identified at serological screening were submitted to endoscopic biopsy of the small intestine, performed by the same endoscopist in all cases. The slides were examined under an optic microscope by a single pathologist, who was experienced in the diagnosis of celiac disease. The duodenal biopsies were classified according to the criteria defined by Marsh (33) . The diagnosis of celiac disease was based on the criteria defined by the American Gastroenterological Association (47) , with a bowel biopsy of at least Marsh IIIa. All the patients who screened positive at serology were also submitted to HLA (human leukocyte antigen) typing, since absence of the DQ02 (DQA1*0501/*0505 and DQB1*0201/*0202) and DQ08 (DQB1*0302) alleles of the HLA virtually excludes the possibility of a diagnosis of celiac disease.
The project was approved by the Internal Review Board of the Santo Antônio Hospital.
The data were analyzed using the SPSS statistical software program, version 14.0. Frequency distributions, center and dispersion measures were calculated. The association between categorical and independent variables was analyzed using Fisher's exact test. Comparison tests between the groups were one-tailed and significance level was established at P<0.05 (alpha = 0.05).
RESULTS
One hundred children and adolescents completed the questionnaire and had antibody measurements performed. One patient was excluded after a computed tomography brain scan identified an image suggestive of gliosis. Therefore, 99 individuals were included in the study, 61.6% of whom were male. Age ranged from 1 to 20 years, with a mean of 10.7 ± 4.2 years.
With respect to the seizure classification, 55.7% of the participants had predominantly focal seizures, while 14.1% had predominantly focal seizures with secondary generalization and 30.3% had generalized seizures. Age at first epileptic seizure ranged from 2 months to 12 years with a mean of 5.3 ± 3.6 years. Duration of the disease ranged from 2 months to 18 years with a mean of 5.3 ± 3.8 years.
The sample was composed predominantly of individuals with easily-controlled epilepsy, 84.8% of the participants using either no medication at all or one single drug, with only 4% of patients requiring three or more drugs. The medication used consisted of carbamazepine (50.5%), phenobarbital (27.3%), sodium valproate (22.2%), oxcarbazepine (9.1%) and clonazepam (3.0%). With respect to compliance with treatment, 83.1% of the participants reported using the medication regularly and 69.7% of the sample reported having achieved total control of the epileptic seizures.
At least 19% of the participants complained of gastrointestinal symptoms, recurrent abdominal pain being the most common symptom (44.4%) ( Table 2) . Parasitological tests, performed in 2 or 3 feces samples, and urinalysis were carried out in all participants, and parasites being found in 12.5% of cases. Of the participants who reported abdominal pain, 56.8% (n = 25) stated that the pain was moderate to intense. The other gastrointestinal complaints reported were nausea/vomiting (31.3%), abdominal distention (27.3%), Anti-tTG and anti-EmA antibodies were evaluated in all 99 participants, none of whom were anti-EmA-positive. Three individuals (3%) tested positive for anti-tTG antibodies. There were no cases of IgA deficiency. The three anti-tTG-positive participants were referred for endoscopy of the upper digestive tract with duodenal biopsy. Of these, normal duodenal mucosa (Marsh 0) was found in two cases and intraepithelial infiltrate (Marsh I) in one case. No case of villous atrophy of the duodenal mucosa (Marsh III) was found. Two individuals (patients #1 and #2) were HLA DQ2-positive. None of the patients who tested positive for anti-tTG antibodies were DQ8-positive. The clinical characteristics of these individuals are shown in Table 3 . None of the 99 patients evaluated had cerebral calcifications. There was only one case of vitamin B12 deficiency, which was not, however, associated with anti-tTG positivity.
DISCUSSION
The different findings in the studies that have evaluated the association between celiac disease and epilepsy may be explained by several factors such as geographical distribution and/or ethnicity, age-group and, principally, by differences in the selection of patients and in the study methodology (7, 11, 13, 16, 17, 30, 35, 43, 44) . The present sample succeeded in including the principal types of cryptogenic or idiopathic epilepsy in the pediatric age-group (40) . The presence of a significantly greater number of individuals in monotherapy, in use of first line drugs and having achieved total control of the seizures shows that the sample was composed of individuals with uncomplicated epilepsy and a positive prognosis.
In the present study, three (3%) individuals tested positive for anti-tTG antibodies and there were no cases of anti-EmApositivity. A relevant factor that deserves particular emphasis is the use of antibodies for screening epileptic patients for celiac disease. There is no uniformity in the methodology used in the previous studies published on celiac disease and epilepsy. In a recent review on the diagnosis and treatment of celiac disease, the American Gastroenterological Association stated that the highest sensitivity and specificity for the diagnosis of celiac disease is obtained with the IgA-class anti-EmA antibody. The sensitivity and specificity achieved with the IgA anti-tTG antibody is also considered high: 93.7% and 95.4%, respectively. The IgA antigliadin antibody (anti-AGA) has the poorest sensitivity (between 85.0% and 90.0%) and specificity (90.0%) (10, 24, 47) . Up to the present time, no consensus has yet been reached regarding which antibody to use in screening for celiac disease in epileptic patients or whether this test should be performed as routine.
Dalgiç et al. (8) and Emami et al. (11) used IgA anti-tTG, an antibody with high sensitivity, to screen patients for biopsy. Both Cronin (7) and Pratesi (43) found celiac disease in 100% of EmA-positive epileptic patients, confirming the high specificity of this marker, as already described in the literature (23) . Mavroudi et al. (35) used the anti-AGA antibody to screen for biopsy and investigated the presence of other antibodies in 255 children. The use of this poorly sensitive and poorly specific marker may have underestimated the patients who should have been assessed by endoscopy. Biopsy revealed Marsh III in two individuals, confirming the diagnosis of atrophic celiac disease. In both cases, the patients were antitTg-positive and EmA-negative. The other three participants were diagnosed as Marsh I at biopsy and were also considered by the investigators to have celiac disease, although histology was incompatible with a definitive diagnosis of celiac disease (villous atrophy) (3, 15, 21) . Fois et al. (16) also used anti-AGA as a screening method. Despite the low sensitivity and specificity of this antibody, these authors reported that all anti-AGApositive cases had histology compatible with celiac disease; however, the Marsh histology classification was not provided.
Essid et al. (13) performed biopsies in their entire sample of 49 epileptic patients in addition to serology for EmA and AGA. Duodenal lesions were found in four patients, three of whom were classified as Marsh II and 1 as Marsh III (2%). Although the sample studied by these investigators was small, the fact that serological markers were not investigated as a screening tool and that biopsy was performed directly showed the high prevalence of significant histological lesions identified at duodenal biopsy in epileptic patients. Nevertheless, ethical restrictions make it difficult to reproduce these results.
With the objective of verifying the prevalence of antibodies associated with celiac disease in epileptic patients, Ranua et al. (44) found similar rates of positive serology for anti-AGA, anti-tTG and anti-EmA between participants of a study sample and a control group, with no statistically significant differences in prevalence between the two groups. In Italy, Giordiano et al. (17) compared the frequency of antibodies related to celiac disease (anti-AGA, anti-EmA and anti-tTG) in epileptic children and adolescents and a control group and concluded that there was no difference between the pediatric epileptic population and the healthy controls.
If celiac disease is defined as the presence of a Marsh III duodenal biopsy, i.e. atrophic celiac disease, there would appear to be no increase in the prevalence of this disease in epileptic patients. Some investigators consider a duodenal biopsy finding of Marsh II or even Marsh I to constitute a diagnosis of celiac disease. These cases have been classified as silent (35) or even diagnosed as celiac disease (11, 13) . Celiac disease is also classified into the latent and silent forms (47) ; however, it is impossible to affirm with any certainty whether a patient with a duodenal mucosal lesion and a classification of Marsh I or II will necessarily progress to an atrophic lesion, which characterizes a definitive diagnosis of celiac disease and an indication to initiate treatment with a gluten-free diet. Only monitoring the clinical progression of these patients and following them up will answer this question. Some conditions such as Giardia, cryptosporidium and isosporan infections or inflammatory bowel disease may lead to abnormalities in bowel histology such as intraepithelial infiltrate (Marsh I) or crypt hyperplasia (Marsh II) due to chronic inflammation (5, 29, 41) . In the present study, perhaps patient #2 could be considered to have celiac disease in view of the presence of gastrointestinal symptoms, anti-tTG positivity, a histological diagnosis of duodenal mucosa with Marsh I and HLA DQ02 positivity. In this case, the term latent celiac disease would be correct, since there are clinical, immunological and genetic characteristics; however, there are no histologic abnormalities yet; therefore, a definitive diagnosis of celiac disease cannot be made due to the absence of villous atrophy. This patient is being followed up, since the condition is dynamic and should villous atrophy develop, a gluten-free diet must be implemented; however, at the moment, no treatment is indicated. The classification of latent celiac disease may give the idea of a false or questionable association.
If analysis is restricted to studies in which only patients with cryptogenic or idiopathic epilepsy were investigated, an increase in the frequency of celiac disease would be expected, since symptomatic epilepsy, in which the cause of the seizures is well-known, may be considered a confounding factor. Labate et al. (30) , Dalgiç et al. (8) , Mavroudi et al. (35) , Emami et al. (11) , Djurić et al. (9) , Madrid et al. (33) , and Ertekin et al. (12) , limited their samples to individuals with idiopathic or cryptogenic epilepsy. A third study, carried out by Cronin et al. (7) failed to take etiology into consideration in selecting the study sample, but went on to perform an evaluation that restricted the study to idiopathic cases. In the other studies (20, 43) , findings were compromised due to this methodological drawback, since individuals could have been included in whom epilepsy occurred secondary to an underlying cause.
Comparing the studies in which the prevalence of celiac disease was evaluated in epileptic individuals and in which the type of epilepsy was taken into consideration (symptomatic versus cryptogenic/idiopathic), an increase was found in the prevalence of the disease in studies that failed to restrict the type of epilepsy, although this difference was not statistically significant (P = 0.69) ( Table 4) . The type of epileptic seizure in individuals with diagnosed celiac disease in the studies was fairly heterogenous. Of the 20 individuals identified as having celiac disease, 4 had generalized tonic-clonic seizures, 13 had partial epilepsy, 1 had myoclonic epilepsy, 1 had mesial temporal sclerosis and 1 had Lennox-Gastaut syndrome. In one of the studies, no description was provided of the type of epilepsy. Therefore, there are no consistent data that support an association between celiac disease and any particular type of epileptic seizure.
HLA measurement was not performed in any of the previous studies evaluated. The DQ02 and DQ08 allotypes are often found in celiac patients (19, 36) . In this study, two patients tested positive for HLA DQ02. When neither HLA DQ02 nor DQ08 is found in an individual with positive antibodies for celiac disease, diagnosis of celiac disease in a case classified as Marsh I or II is practically excluded. 
CONCLUSION
Although epilepsy is considered in the international literature as a condition associated with celiac disease or an extraintestinal manifestation of this disease, the present study has failed to confirm this association. No case of atrophic celiac disease was found in this study, despite the use of a homogenous sample and a rigorous screening for celiac disease in this study.
The use of anti-tTG and anti-EmA as screening tests, followed by a duodenal biopsy in positive cases, may represent methodology that would succeed in covering the majority of individuals with celiac disease. Another option would be to use anti-tTG measurement as the initial screening test followed by anti-EmA only in those cases that tested positive for anti-tTG, with a duodenal biopsy being performed only in cases in which the two antibodies were positive, thus avoiding unnecessary biopsies in individuals in whom only anti-tTG was positive.
Atrophic celiac disease (Marsh III), cannot, up to the present moment, be related to epilepsy. Evaluation of the cases published up to the present time indicates a prevalence that is similar or only slightly higher than the prevalence in the general population. The definitions of latent or silent celiac disease may explain their affirmation of an association between celiac disease and epilepsy, which up to that point was accepted in the international literature. Investigating HLA DQ2 and DQ8 in individuals with Marsh I or II constitutes an important tool for identifying those who are genetically predisposed and who may progress to the atrophic form of celiac disease.
Standardization of the methodology for the investigation of celiac disease in epileptic individuals in the form of multicenter studies with specific populations may help clarify in the future whether an association really exists between celiac disease and epilepsy.
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